The main focus of the study is Tejgaon industrial area which is located within the Dhaka City Corporation and about 5 km north of the city centre. The industries around the study area like battery, chemical manufacturing, electrical and electronic, metal finishing, mining, paint and dye, textiles, pharmaceuticals, pesticides, etc, discharge heavy metals like Ni with their effluents and wastes. At Tejgaon soil the minimum pH value was 5.3 and the maximum 7.6 (at 26 O C). High buffering capacity resulting from high soil organic matter content (4.87-11.55%) probably influenced soil pH. Electrical conductivity (EC) (25-551 µS/cm) and organic matter (OM) (4.87-11.55%) contents were also influenced by the industrial wastes and effluents of the factories. In the wet season, the average Ni concentration in different soil fractions was 1.69, 4.16, 13.21 and 93.12 mg kg -1 in water-soluble, NH 4 OAC extractable, DTPA extractable and total fractions respectively. Comparing wet season and dry season sampling data, total Ni concentrations in different locations were higher in the dry season and the mean concentration of total Ni was 223.89 mg kg -1 , which was more than 4 times higher than the tolerable limit.
Introduction
Industrial wastes and effluents are being discharged randomly on soils, into canals, rivers, along the road sides or in the vicinity of the industrial operations without any treatment in Bangladesh. They pollute productive soils, natural water systems as well as ground water. The important heavy metals discharged from Tejgaon industries in Bangladesh are cadmium, lead, chromium, mercury, zinc, arsenic and in few cases copper and manganese. The industries around the study area like battery, chemical manufacturing, electrical and electronic, metal finishing, mining, paint and dye, textiles, pharmaceuticals, pesticides, etc, discharge heavy metals like Ni with their effluents and wastes.
Heavy metals are widely distributed in the environment, in soils, in plants and animals. The concentrations of individual metals in living tissue are ordinarily very low and must be maintained within narrow limits to permit the optimum biological performance of most organisms. Some heavy metals are essential in trace amounts, namely Co, Cu, Fe, Mn, Mo and Zn for plants and in addition Cr, Ni, Sn for animals (Greenland and Hayes, 1981) .
Pollution by heavy metals is a new threat to Bangladesh agriculture. As s consequence of anthropogenic activities there is a progressive increase in soil and water pollution by heavy metals, such as nickel (Ni), Cu, Cd, Pb, Cr, Fe, Mn, Zn etc. Their uptake and accumulation in plants have been known to results in negative effects on plant growth (Trivedi and Erdei, 1992) . Inhibition of plant growth could be caused by the effect of heavy metals on different plant processes i.e. photosynthesis (Moya et al., 1993) ; respiration (Keck, 1978) ; carbohydrate metabolism (Greger ang Lindberg, 1986 ) and water relations (Becerril et al., 1988) . Additionally, it has been reported that heavy metals may interfere with the uptake and distribution of essential mineral nutrients in plant (Brecle and Khale, 1992) . Applied Ni had an antagonistic effect on nitrogen (Singh et al., 1990) and potassium concentration (Faroughi et al., 1975) . Nickel was not toxic to wheat up to 50 µg N g -1 soil. Nutrient medium containing toxic concentration of NiCl2 (300, 400 and 500 µg ml -1 exhibited stunted growth with a decrease in internode length and fresh and dry matter weight of wheat CV. ML 711 plants (Setia et al., 1988) .
The uptake of heavy metals by plants is often poorly correlated with the total concentrations of heavy metals in soils. Determining factors for plant availability are type and concentration of heavy metal species in the soil solution (intensity factor) and rate of transfer from solid phase to the soil solution (rate factor) for replenishment of the heavy metals taken up by plant roots. In the soil solution heavy metals are present in different physico-chemical forms (Brümmer et al., 1986a) . Root exudates may mobilize heavy metals from the solid phase by forming complexes and thus increase availability to the plants. The formation of such complexes, however, may also decrease heavy metal uptake by plants if the complexes have a high molecular weight (Steric hindrance) or a high stability (Dunemann et al., 1991) .
Trace metal composition of soil varies widely depending on the sources, industrial wastes type (He et al., 1992) and geographical location (Krogmann, 1999) . The levels of heavy metals in municipal solid waste have been reported for many countries in the world by several authors (He et al., 1992; Krogmann, 1999; Koivula et al., 2000) . Like soils, sediments and sludge, trace metals can exist in a variety of forms in soil. These forms include (i) water soluble, (ii) exchangeable, (iii) linked to organic substances, (iv) occluded or co-precipitated with oxides, carbonates and phosphates, or other secondary minerals and (v) ions in the crystalline lattices of the primary minerals (Petruzzelli, 1989; He et al., 1992; Iwegbue et al., 2006a,b) . The first three chemical forms are considered to be balanced among themselves; this equilibrium is influenced by pH and the concentrations of metals and ligands. The metals present in these forms are considered to be most available forms of plant nutrition, each successive form representing less availability (Petruzzelli, 1989; Iwegbue et al., 2006b ).
The distribution of metals between the specific forms varies widely according to the individual metal and the characteristics of the wastes. These parameters include pH, temperature, oxidation-reduction potential and the presence of complexing ligands.
Total trace metal composition of soil is of little importance in determining its uptake by plants and consequently, in contaminating the food chain since the different forms have different mobilities, bioavailabilities and potential environmental contamination potential. It is more important to know the distribution of each trace metals in the different forms, than just the total content (Petruzzelli, 1989) . The various techniques used to estimate heavy metal distribution in soils, and sewage sludge has been adopted for fractionation of heavy metals in soils. There are two basic techniques. These techniques include (i) physical fractionation based on particle size and density, and (ii) chemical extraction based on selective dissolution of trace metals in different reagents. In order to asses the speciation or binding forms of heavy metals in solid materials, different analytical procedures involving successive extractions have been developed. These procedures are based on the assumption that the following species of heavy metals exist in soils (Iwegbue, 2007) The heavy metals in the soluble fraction can be determined in the saturation extract of soil samples or by extracting soil material with deionized water at a certain ratio (Sposito et al., 1982) .
In the present research, sequential extraction methods are frequently used to characterize and predict the mobility and bioavailability of heavy metals in soils. (He et al., 1992) . For nickel (Ni) there have been very few studies so far on the chemical speciation in soil. During the course of the present research, soils samples were collected and analyzed by various independent extractant for characterization of the nickel (Ni) species in soils.
Materials and Methods

Description of the sampling areas
The study area consisted of two distinct areas (Plate 1 and 2). One was the lagoon bordering Tejaon industrial area. This area received the drainage residue of the industrial area, Gulshan model town, Niketan Housing Society, Begunbari and other adjoining residential and slum areas including numerous classified/unclassified industries. The other consisted of the canal which received the inflow from the lagoon and drained into Balu river. In the rainy season the pollution was lowest because of heavy rainfall; most of the suspended materials, which were not complexed and precipitated with soil, organic matter and other compounds, were flushed out through the canal into the adjoining vast flood zone. As the rainy season receded the soils and water were enriched with the pollution load.
The main focus of the study is Tejgaon industrial area which is located within the Dhaka City Corporation and about 5 km north of the city centre. The effluents from many diverse industries in Tejgaon industrial area flow into a lagoon where the residue settles into a thick muck. It overflows through a sluice gate at Rampura into a channel which flows east for about 10 km to Balu river which in turn flows into Sitalakhya river. The whole area is really a flood drainage zone which originally connected Buriganga river on the west of Hazaribagh Tables II and III respectively. All samples were collected from the field in required amounts, wrapped in polyethylene bags and transported to laboratory and preserved at +4 O C for processing next day.
The soil samples were collected from 0-15 cm depth. Next day analyses of water soluble, NH 4 OAC extractable, DTPA extractable fractions and determination of moisture percentage in samples were done. Rest of the 
Metal extraction and determination
i. Water soluble : Soil samples were extracted with deionized water at a soil:water ratio of 1:10 according to Sparks, et al. (2001) .
ii. NH 4 OAC extractable: Soil samples were extracted with NH 4 OAC at a ratio of soil:NH 4 OAC solution ratio of 1:10 according to Sparks, et al. (2001) .
iii. DTPA extractable: Soil samples were extracted with DTPA solution at a ratio of soil:DTPA solution ratio of 1:2 according to Sparks, et al. (2001) .
iv. Total (non-crystalline fraction): Soil samples were digested with aqua regia (HCl:HNO 3 = 3:1) according to Blum, et al. (1996) .
Nickel (Ni) in the extracted solutions were determined by atomic absorption spectrophotometer (Perkin Elmer, 3110) (level of detection limit up to ppb)in Centre for Advanced Research in Physical, Chemical, Biological and Pharmaceutical Sciences, D.U.
Statistical Analysis
The results of experiments reported were statistically evaluated by the DMRT (Duncan's Multiple Range Test). Different letters were used to signify the statistically different results at 5% level of significance.
Results and Discussion
At Tejgaon soil the minimum pH value was 5.3 and the maximum 7.6. High buffering capacity resulting from high soil organic matter content (4.87-11.55%) probably influenced soil. Electrical conductivity (EC) (25-551 µS/cm) and organic matter (OM) (4.87-11.55%) contents were also influenced by the industrial wastes and effluents of the factories. General soil data during wet season and in dry season are presented in Table  III and IV.
Samples collected during wet season (1st sampling)
The water soluble fraction is certainly the most biologically active. The high toxicity potential of this fraction is proven by the higher sensitivity exhibited by plants grown in hydroponic media. The water soluble fraction has highest potential of contamination of food chain, surface water and groundwater (He et al., 1992) .
The concentration of Ni found in all fractions of extraction of the 1st collected samples (wet season), ranges from 0.23-5.85, 0.16-9.05, 1.0-37.0 and 15.50-160.50 mg kg -1 Ni in water-soluble, NH 4 OAC extractable, DTPA extractable and total fractions respectively (Table V) .
The Ni concentration decreased from point source to distance in all respect but total Ni concentration at sampling points 1 to 12 was Mean values with the same letter (s) in a column is not significantly different at 5% level by DMRT.
variable and in most cases above the tolerable limit value of 50 mg kg -1 (Kloke, 1980) (Table V) .
Water soluble Ni concentrations in different sampling points were significantly different from each other. The lowest concentration of water soluble Ni was found in the sampling point 14 and the highest was in the location point of 9. On the other hand the highest concentration of NH 4 OAC and DTPA extractable Ni was found in the sampling point 16 and 24 which differed significantly from other sampling points.
Samples collected during dry season (2nd sampling)
In the 2nd collected samples, the concentration of Ni found in all fractions of extraction, ranges from 0.14-13.32, 0.11-12.22 and 25.5-532.5 mg kg -1 Ni in NH 4 OAC extractable, DTPA extractable and total fractions respectively (Table VI) . The average Ni concentrations in different soil fractions were 3.07, 4.29 and 223.89 mg kg -1 Ni in NH 4 OAC extractable, DTPA extractable and total fractions respectively (Table VI) . Comparing 1st and 2nd sampling data, Ni concentrations in different soil fractions were higher in the 2nd sampling data which might be due to flooding or dilution effect during wet season.
The Ni concentration decreased from point source (1 and 12) to distance in all respect but total Ni concentration at different sampling points were significantly variable and in most of the cases above the tolerable limit value (Kloke, 1980) (Table VI ) .
NH 4 OAC and DTPA extractable Ni concentration at different sampling points were significantly different from each other. The lowest concentration of NH 4 OAC extractable Ni was found at the sampling point 29 and the highest was found in the sampling point 40 i.e. near the Rampura bridge point. The lowest concentration of DTPA extractable Ni was found in the sampling point 31 and the highest was found at the point 40.
In case of total Ni concentration in soil, the lowest value was in point 33 and the highest was in the sampling point 41 which was above the tolerable limit value (Kloke, 1980) . Total nickel concentration in all sampling points differed significantly from each other except some points (Table VI) . Total Ni concentration at some sampling points were above the maximum tolerable limit (50 mg kg -1 ) according to Kloke (1980) .
As a whole, the Tejgaon industrial area soils had the highest concentration of total, water soluble, NH 4 OAC extractable and DTPA extractable Ni in some points which might be due to discharge of liquid wastes, flocculated sludge and other solids with excessive metals coming from different industrial processes. The highest concentration of Ni and other metals in this area is not only a problem with respect to plant nutrition and the food chain, they may constitute a direct health hazards as well. The area is not only 44(1) 2009 Mean values with the same letter (s) in a column is not significantly different at 5% level by DMRT. tr=Trace occupied by industries but there are many slums' people around the complexes and on the bank of waste discharging channel. Recently many urban area/housing projects namely, Aftab Nagar, Banasri housing project, Niketon project etc. have developed on the bank of waste discharging channel. So, these may be ecological implications associated with metal poisoning to the slums living children because they have direct contact with the contaminated soil and effluents (Kashem and Singh, 1998) . The highest concentration of total and extractable Ni, is also due to effluents and solid wastes of textile dying industry.
Water soluble, NH 4 OAC extractable and DTPA extractable Ni have been considered as available Ni (Lindsay and Norvell, 1978) . These Ni species should measure available concentration of Ni in the contaminated soils of Tejgaon industrial area. Considering the critical limits of DTPA-extractant for Ni (Lindsay and Norvell, 1978) , some of the sampling points were above the critical limits. The concentration of Ni in the soil solution phase strongly increased with decreasing pH and increasing total content of this metal in the different sampling points. The similar results were also reported by many authors (Ullah et al., 1999; Chamon et al., 2005) .
Extent of contamination by Ni in soils
Expeditions to collect samples were extremely difficult due to the foul smell and unknown nature of gases emitting out of the water body. The soil, water and air were unfit of any kind of human habitation. But a vast number of populations were living and working in the area disregarding the existing severe health hazards. Results show that the soil, water and plant were of extremely low quality in the rainy season. Their quality deteriorated several fold in the dry season.
The pH dependence of the solution concentration of Ni showed that the mobility and availability of the metals is high at strongly to extremely acid soil reaction. This was also reported by Brümmer et al., (1986b) .
The extent of contamination due to heavy metal deposition at Tejgaon industrial sites are presented in Table IX . The total Ni content of the soils, water and plant samples showed wide range of values from background to a level considered to reflect severe contamination. The extent of contamination (in %) was identified by using information of background levels of total Ni in soils (Singh and Steinnes, 1994) and background levels of Ni for Bangladesh soils (Domingo and Kyrzma, 1983) . The tolerable and in excess of tolerable level was calculated on the information of Kloke (1980) .
Background concentration for Ni of Bangladeshi soils is 22 mg kg -1 (Domingo and Kyuma, 1983) . Tolerable total concentration of Ni in soil is 50 mg kg -1 (Kloke, 1980) . The total Ni concentration of the soil samples at different points showed wide range of values from background to a level considered to reflect severe contamination. The extent of contamination was identified by using information of background levels of total Ni in soils (Domingo and Kyruma, 1983; Singh and Steinnes, 1994; Ullah et al. 1999 and Chamon et al. 2005) . The tolerable and in excess of tolerable level was calculated on the information of Kloke (1980) .
Concentration of total Ni in soils during wet season was found above the natural background level with few exceptions. Only 4% of Ni (<22 mg kg -1 ) samples in the normal range. Ni concentration in the group of tolerable level was 21% (>022-<50 mg kg -1 ) and 75% (>50 mg kg -1 ) soil samples were found in the group of in excess of tolerable level during wet season (Table VII) .
On the other hand, during dry season, no Ni (<22 mg kg -1 ) samples were in the normal range. Ni concentration in the maximum tolerable level was 11% (>22 mg kg -1 ) and 89% (>50 mg kg -1 ) were found in excess of tolerable level during dry season (Table VII) .
One of the most alarming facts is that some sampling points under investigation were apparently far from the pollution source. Bumper crops were being produced in the vicinity of Balu river. Consumers have no idea that locally produced crops with attractive appearances have high pollution content of heavy metals like Ni. Elevated levels of heavy metals in plants at Tejgaon industrial area have been demonstrated by other investigators (Ullah et al., 1999 and Chamon et al., 2005) .
Distribution of total, water soluble, NH 4 OAC extractable and DTPA extractable Ni with
Distance
The extent of contamination due to heavy metal deposition in different sampling points in the study area is presented in Fig. 1 . Concentration of total Ni was found to be above the natural background level at all points at 1st sampling with few exceptions in the Tejgaon industrial sites ( Fig. 1 and 2 ). Background concentration of Ni in Bangladeshi soils is 22 mg kg -1 (Domingo Ni (wet season)(n=24) <22 (4) >22-<50 (25) >50 (75) Ni (Dry season)(n=18) <22 (0) >22-<50 (11) >50 (89) Group 1 = Background level, group 2= Maximum tolerable level and group 3 = In excess of tolerable level.
Soil: Background concentration for Ni = 22 mg kg -1 of Bangladesh soil, (Domingo and Kyuma, 1983) .
Tolerable total concentrations are 50 ppm for Ni (Kloke, 1980). and Kyuma, 1983) . Tolerable total concentrations are 50 mg kg -1 for Ni (Kloke, 1980) . Ni concentration during 2nd sampling in different extraction i.e in NH 4 OAC extractable, DTPA extractable and in total fraction was found to decrease with distance away from the disposal point source due to dilution of the effluent and water (Fig. 2) . The decreasing tendency with distance indicates the accumulation of metals by the industrial operations. Similar findings were also observed by other investigators (Blom, 1986) reported a very drastic decrease in metal concentration away from the source point i.e from an electro-metallic industry in south-eastern Norway. The Tejgaon industrial area is low-lying and wet through most part of the year. This part is influenced by the battery, biscuit, paper and pulps, textiles, carbides, pharmaceuticals, pesticides, mining, distilleries etc, where all effluents and wastes converse and the zone under investigation is designated as the confluence zone by which the heavy metals were elevated. Low pH values in the respective sites could possibly increase to solubility and mobility of metals in the soils. Increased solubility of metals is likely to lead to increased availability of the metals for plant uptake, and it might cause Ni toxicity. These results indi- 
Nickel (in ppm)
Water soluble Ni NH4OAc exchangeable Ni DTPA Extractable Ni Total Ni cate that appreciable soil acidification has taken place in the vicinity of that area. This is an agreement with the result from other investigators (Kashem and Singh, 1998; Chamon et al., 2005) . (Table IX) .
Conclusion
The distribution of metals between the specific forms varies widely according to the individual metal and the characteristics of the wastes. These parameters include pH, temperature, oxidation-reduction potential and the presence of complexing ligands. Total trace metal composition of soil is of little importance in determining its uptake by plants and consequently, in contaminating the food chain since the different forms have different mobilities, bioavailabilities and potential environmental contamination potential. It is more important to know the distribution of each trace metals in the different forms, than just the total content
The results show that the soil samples were of extremely low quality in the rainy season. Their quality deteriorated several fold in the dry season. Ni concentration during 2nd sampling in different extraction i.e in NH 4 OAC extractable, DTPA extractable and in total fraction was found to decrease with distance away from the disposal point source due to dilution of the effluent and water. The decreasing tendency with distance indicates the accumulation of metals by the industrial operations. One of the most alarming facts is that the field under investigation was apparently far from the pollution source. Bumper crops were being produced in the vicinity of Balu river. Consumers have no idea that locally produced crops with attractive appearances have high pollution content of toxic metals like Ni.
Future research is necessary to delineate the quality and quantity of different organic and inorganic fractions in the total environment. Food quality is an important issue for human survival and should be addressed with immediate urgency.
